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PROVISIONAL 



APPLICATION 



FOR 



UNITED STATES LETTER PATENT 



SPECmCATION 



TO ALL WHOM IT MAY CONCERN: 

Be it known that George D. Whitten of Boothbay, Maine, Allan R. Thompson of 
\^inchester, Massachusetts, Charies W. Moores of Wayland, Massachusetts, and Waheed 
Mukaddam of Cambridge, Massachusetts have invented certain improvements in 
ULTRAVIOLET LASER SYSTEM FOR DECOMPOSING CHEMICAL POLLUTANTS of 
>^hiph the following description is a specification. 

'■J 
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ULTRAVIOLET LASER SYSTEM FOR DECOMPOSING CHEMICAL POLLUTANTS 

FIELD OF THE INVENTION 

This invention relates generally to apparatus and methods for using an ultraviolet laser 
system to decompose chemical pollutants, for example organic contaminants such as 
perfluorooctanoate, in water. 

BACKGROUND OF THE INVENTION 

There is a class of water soluble chemical compounds that appear in wastewater and 
groundwater and are of "environmental concern" even at concentrations in the parts per billion 
range. Examples of these compounds are chemicals such as polychlorinated bi-phenyls, dioxins, 
1- 4 dioxane, pentachlorophenol, perchlorate, tri and di-nitro toluene and perfluorooctanoate. 
Traditionally treatments for these compounds have included activated carbon adsorption, 
ultraviolet (lamp) catalyzed peroxide treatment, in-situ biological treatment, membrane filtration 
and containment. However, the physical, chemical and biological properties of these chemicals 
make recovery, removal and/or decomposition prior to discharge to the environment, at 
concentrations below "a threshold concentration of concern" very difficult, very expensive and 
in some cases impossible. 

These and other deficiencies in or limitations of the prior art in this field are overcome in 
whole or at least in part by the ultraviolet laser system of this invention for decomposing 
chemical pollutants. 



WLI-OOIPR 3 

OBJECTS OF THE INVENTION 

A principal object of the present invention is to cost-effectively decompose various 
chemical water pollutants to concentrations that are acceptable to be discharged to the 
environment consistent with local, state, federal and/or other environmental regulations or 
pertinent health standards. 

This and other objects, advantages and benefits of this invention will be better understood 
by the following description read in conjunction with Fig. 1 . 

SUMMARY OF THE INVENTION 

Because of the energy of ultraviolet photons and the concentration of uhraviolet photons 
fi-om a laser source, it has been found in accordance with this invention that hradiation of water 
solutions of certam classes of pollutmg chemicals by means of an ultraviolet laser, in some cases 
with or in some cases without catalysts, will eflfectively and efficiently result in the 
decomposition of these compounds. A process in accordance with this invention utilizing an 
ultraviolet laser to decompose environmentally refi-actory chemicals in water results in a cost- 
effective method of realizii^ pollutant concentrations that are below the threshold concentrations 
of environmental concern and which can then be safely discharged to the environment. 



RRTFF DES CRIPTION OF THE DRAWING 

Fig. 1 is a schematic process flow diagram illustrating one embodiment for carrying out 
an ultraviolet laser decomposition process in accordance with this invention. 
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DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION 

A laboratory test system for carrying out an embodiment of the present invention is 
illustrated in the process flow diagram of Fig. 1 . As shown in Fig. 1, the process elements 
consist of an uhraviolet laser, a reaction chamber to contain a sample of water and pollutant(s), 
an ultraviolet spectrometer and a computer. The laser beam is directed at the reaction chamber 
so as to irradiate the contents of the reaction chamber. Water containing a known concentration 
of the pollutant(s) is placed in the reaction chamber in accordance with this invention; and, the 
ultraviolet spectrophotometric signature and temperature of the contents of the reaction chamber 
are recorded before the laser is activated. Thereafter, the laser is activated, and the ultraviolet 
spectrophotometric signature and temperature of the contents of the reaction chamber are 
continuously measured and recorded. After a period of laser irradiation, usually less than about 
15 minutes, for example from about 1 second to about 10 minutes, preferably from about less 
than 10 seconds to about less than 10 minutes, the ultraviolet spectrophotometric signature of the 
sample has been significantly changed indicating substantial decomposition and detoxification of 
the pollutant. The laser is turned oflFat this point or when fiirther changes in the 
spectrophotometric monitoring show substantial completion of the decomposition reaction. The 
irradiated sample is removed from the reaction chamber for fiirther analysis. 

An irradiated sample can be analyzed, for example by means of FTIR analysis, to identify 
the decomposition products, and also by wet chemistry to determine the residual concentration(s) 
of the pollutant(s) remaining in the sample after the radiation step. The concentration(s) of the 
pollutant(s) in the irradiated sample is compared to the concentration(s) in a sample that has not 
been irradiated to judge the extent of the pollutant decomposition. Samples of varying 
concentrations of pollutants can be irradiated as described above, and data for these samples can 
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be recorded and compared. Catalysts such as iron and chemicals such as hydrogen peroxide can 
be utilized to facilitate, enhance, and/or expedite the decomposition reactions of this invention. 

Example 

For example, in demonstrating the practice of one embodiment of this invention, a 
distilled water blank and various concentrations, ranging from about 5 ppm to about 500 ppm, of 
ammonium perfluorooctanoate (apfo) in distilled water were prepared. A portion of each apfo 
sample was saved as a reference and a portion of the.sample was introduced into a 22mm 
diameter by 50mm long synthetic quartz (Suprasil™) reaction chamber. The water solutions of 
apfo were irradiated by means of an excimer laser (LambdaPhysik LPX210i) producing a 193nm 
wavelength beam operating at an energy level of 100 miUijoules per pulse at a frequency of 50 
pulses per second. The laser beam was focused along the axis of the reaction chamber and 
covered an 8mm high by 23mm wmdow section of the reaction chamber. A 30w deuterium lamp 
and Zeiss MMS-UV spectrometer were mounted perpendicular to the axis and approximately in 
the middle of the reaction chamber to measure the ultraviolet spectrum of the contents of the 
reaction chamber as a fiinction of time while the sample was exposed to the laser. Various 
parameters from the experimental system were interfaced to a computer. Samples were exposed 
to the laser beam until there ceased to be any appreciable change in the spectrophotometric 
signature of the sample (typically less than about 15 minutes). After exposure to the laser beam, 
the samples and reference solutions were sent to a laboratory for FTlR analysis. 

The following is a summary of the testing resuhs: 



1 . The laser beam passed through the SO mm column of distilled water blank essentially 
unimpeded, and the UV spectrophotometric signature of water did not change as a resuh of 
irradiation. 

2. The laser beam did not pass through the SO mm column of apfo - water solution at any of the 
concentrations tested. 

3. Over a period of less than IS minutes of irradiation, all apfo samples showed significant 
changes in then* UV spectrophotometric signatures. 

4. The rate of change of the UV signatures of apfo samples varied over the period of irradiation. 

5. The temperature of the apfo samples increased fi'om room temperature to approximately 
45^C over the duration of each of the tests runs, 

^ 6. Small bubbles formed at the high point of the reaction vessel, presumably as a result of 

irradiation. The quantity of the generated bubbles appeared to be directly proportional to the 
concentrations of apfo. 

7. FTIR analysis of the irradiated and un-irradiated samples indicated that, in all cases, there 
were distinct and substantial changes in the FTIR spectra after irradiation with the UV laser. 

The following is a summaiy discussion of the results presented above: 

1 . Distilled water in the reaction chamber was transparent to the laser beam. 

2. Apfo contained in the samples absorbs UV light fi-om the laser. 

3 . Due to the dramatic change in the UV spectrophotometric signatures of the samples during 
irradiation, it appears that significant chemical changes occur related to the decomposition of 
apfo. 
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4. Because the rate of change of the UV signatures of the apfo samples at first increased and 
later decreased during a substantially constant irradiation step, it appears that there are a 
number of sequential chemical reactions occurring in the sample during irradiation, some of 
which are relatively rapid and some of which are relatively slow. 

5. The increase m the temperature of the samples during irradiation suggests that thermal 
energy is being transferred from the laser beam and additionally may also be the result of 
heat released fi-om chemical reactions. 

6. Since gas bubbles did not appear during the irradiation of the distilled water sample, and the 
quantity of the gas bubbles appeared to be in proportion to the apfo concentration in the 
samples, the gas bubbles are thought to be a gaseous reaction product fi^om the laser 
decomposition of apfo in accordance with this invention. 

7. FTIR analysis results showed shifts in both spectral peaks and heights that would be 
consistent with apfo decomposition. 

It will be apparent to those skilled in the art that changes and modifications may be made in 
the above-described apparatus and process for an ultraviolet laser system for decomposmg 
chemical pollutants in water without departing fi-om the spirit and scope of the invention herein, 
and it is intended that all matter contained in the above description shall be interpreted in an 
illustrative and not a limiting sense. 

Having described the invention, what is claimed is: 
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CLAIMS 



1. A method for decomposing chemical pollutants in water to environmentally 
compatible decomposition products, said method comprising the sequential steps of: 

(a) passing a portion of water containing one or more chemical pollutants into a 
reaction chamber; 

(b) subjecting the water portion in the reaction chamber to ultraviolet laser 
irradiation of sufiBcient intensity and for a sufficient period of time 
substantially to decompose the one or more pollutants to environmentally 
compatible decomposition products; and, 

(c) removing a treated water portion from the reaction chamber. 
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ABSTRACT OF THE DISCLOSURE 

Apparatus and methods are disclosed for using an ultraviolet laser system to decompose 
chemical pollutants in water. More particularly, this invention is based on the discovery that 
various environmental pollutants that are soluble in water can be decomposed to very low 
concentrations consistent with environmental discharge regulations and/or applicable health 
standards by means of ultraviolet laser irradiation either with or without one or more catalysts 
and/or other chemicals to facilitate or enhance the decomposition process. 
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